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coefficients, and these values have been used to obtain the variance of V
and its standard error.

Uncertainties External to the Parametric Model

Although it can be assumed that such factors as age and time of death
are known without error, there can be no such assurance concerning the
estimates of radiation dose. Dose estimates for medical exposures are based
upon recorded parameters of the x-ray exposure; such estimates cannot be
exact, but the uncertainty to be attributed to them is not known. Dose
estimates for the Japanese A-bomb survivors are based upon statements
by the survivors concerning their location at the time of the bombing,
their shielding situation, and estimates of the air dose curves, the exact
location of the hypocenters, shielding characteristics of building materials
and, for doses to specific organs, the attenuation of external dose by
tissues overlaying the organ of interest. For breast cancer, especially, the
orientation of the survivor with respect to the direction of the bomb is of
importance, but cannot be known with any precision. The magnitude of
the uncertainty in the new DS86 dose estimates for A-bomb survivors is
still being evaluated. Preliminary assessments indicate that bias in the risk
estimates resulting from random errors in the dose estimates is about 10%
when organ doses are limited to 4 Sv, as is the case here (Pi89). Further
review of this issue, including the role of bias in the estimated neutron
kerma, is required.

Although the magnitude of some of the sources of uncertainty (such
as the effect of statistical variability on risk estimates) can be evaluated
explicitly, others, like the error of "transportation" (application of risks
determined in one population to another population) cannot be. In such
cases we rely on consensus judgment; we judge what is the range within
which it is believed that the variable lies with 95 percent "credibility." A
"standard deviation" can be obtained by dividing the width of that range
by 3.92. All of the standard deviations, both those actually calculated
and those estimated as just explained, can be combined by the methods
described above to obtain a combined measure of uncertainty which we call
a "standard error" and used to obtain "credibility intervals" by the same
procedure that would be used to obtain "confidence intervals" were the
uncertainty measures really statistically determined standard errors.

The sources of uncertainty that can be evaluated in a straightforward
way, using conventional statistical theory, are those that derive from sam-
pling variability as it affects the fitting of specific models for the excess risk
of particular cancers that result from radiation exposure. Such models have
been fit for cancer mortality from leukemia, and for cancers of the respira-
tory system, the digestive system, the female breast and other sites. Most